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Abstract: To systematically reveal the multi-scale response mechanism of surrounding rock structures under cyclic thermal
disturbance, a comprehensive research system encompassing macroscopic physical property evolution, mechanical properties,
microstructural damage, and mesoscopic crack simulation was established, taking dense sandstone from a mining area in Shanxi
as the research object. The experimental results show that the peak strength of sandstone in its natural state is 85.00 MPa.
which decreases to 40.50 MPa after eight 0 °C cooling cycles, representing a reduction of 52.53%. The strength of sandstone
exhibits a negative exponential decay pattern with increasing number of cycles at different temperatures. The elastic modulus
undergoes significant degradation during the first cycle, with a reduction reaching 38.8% under the 0 °C condition. After eight
cycles, the overall reduction in elastic modulus ranges from 39.3% to 61.1% at different temperatures. The failure mode

manifests as a composite characteristic of “crack convergence-local slippage-structural loosening. ”

Scanning electron
microscopy results reveal the evolution process of “intergranular bond breakage-microcrack propagation-skeleton disintegration”
induced by thermal cycling. Mesoscopic simulation based on the discrete element method further captures the crack initiation
sequence and tension-shear differentiation characteristics, quantitatively demonstrating the evolutionary path of structural

damage progressing from the boundary to the core. The research findings elucidate the multi-scale rock failure process induced

by thermal cycling from macroscopic to mesoscopic levels, providing a theoretical basis for predicting rock mass stability and

* W HH:2025-08-04
BEEWB WK &AW THRR B E (2022YFC2904104)
TEEB N ERM(1982—), 5 s i Fe AL A, BIAFST 5L, E 2w 30 R B KK B 22 56 7 1) TAFE . E-mail : 249484687 @ qq.com



ITRM,E ZHE-LSHAEER T E R @MBIERAAA]] 7 LR L FK,2026,46(7). 151

conducting multi-field coupling simulations under mine geothermal development conditions.

Key words: Thermal cycling, Multi-scale failure, Crack evolution, Mine geothermal development, Rock mass stability, Discrete

element simulation
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Fig.1 Mass change rate of rock under different
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temperature cycling conditions

R AL R I O — A FH R W R AR A8 i, 7]
FE R BT I BEAE 3R T 5 1A 0 25 4 i A AT oy, FOH AR
XA (2 PR,
7VN7V0
Ty,
ey, AR BUE R, Y05 Ve il K
Blom® Vi RikFE R - R A E R, m®,
AN TR I BE R I 25 F T I A A IR R AR A R i E] 2
Jr7R s AR AR S Ak A4 B P BR RS i 2 g1
ks I 4B TRE. 6 8 RIEHE AR
R BE T R A FRUAE Ak 43 S 1S & 0,95 %4 (80
C).1.06% (50 ‘C).1.17% (20 CHY 5 1.34% (0 C),

< 100% (2)



ERMW.F HB-AFLEARTAEZE@BENEIRIAE]]F LR L FK,2026.46(7). 153

A B B v O PR AR L A BRI i 2 ) LA
PR K 5 RS B 2 R R A A B XU 3K Bl L
e et AT ) R PR I T 94 0 5 R v R 2 R
2R T B AR OB R R A
Bbe it T asqa] 2 b i S AR Y B[R] A AL R
TRV A PR R AL AR v A0 45 4 T AL B AR < R LK
orif O L P E B LR ALY S ORI VR S
PRI £

1.6
—a—0C

14F —*—207T
—4—50 C
12 —v—80 C

& 10
g —
B 0.8 S

% 06 i

0.4 &

0.2
y

0'00 1 2 3

4 5 6 7 8 9
TEFR KB/ IR

: ARBERFEGTHERERELE
Fig.2 Volume change rate of rock volume under

different temperature cycling conditions
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Fig.3 Variation curves of longitudinal wave velocity of

rock under different temperature cycling conditions
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Fig.11 Microscopic fracture modes of sandstone

under temperature cycling at 0 C
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Fig.12 Discrete element numerical model of sandstone
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Table 1 Mesoscopic parameters of the

particle flow numerical model
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Fig.13  Validity verification of the discrete

element numerical model
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Fig.14 Mesoscopic fracture modes of sandstone under temperature cycling at 0 C
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Fig.15 Mesoscopic fracture modes of sandstone under temperature cycling at 20 ‘C
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Fig.17 Mesoscopic fracture modes of sandstone under temperature cycling at 80 C
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Fig.18 Evolution laws of crack number with thermal cycles
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